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1 . S&*!B<&£ft 

2. « hf a * o « n 

2. & 4 -T %. v 9 • 7>iTA'7?tX'^iJ. 
(DRAM) H*?l*T. '>fc<fc**ffi^tt*n|Hl 

lc*aj«iaift®»0ftfl5JBlffl*fc*t , *£fc& 

m t -r & * & # * a m & . 

4. ft&SIt* 0*6lffl2B 3 8Se8<&*&fc£Stinia& 



t*?i^r. y-sfcv-A (km v) matt 

K ^ T . CMOS h7V>*XMi, '> ft < t 

%»2ffija±©-<vA-5r-e«/ftL. & a ® ^ 
».• 

7. ■ 7?tA' >t'J 

(DRAM) n T , m^&*P®& ( -fe > X 

7 * ) <oaij^5a^^^«iifi8g®)«©mffiati 
& ® ^ as a « ( r - * « ) o«fffii!i*»J*e 



8. ^ t 5 y i/ ■ 7>^A • 7^tX - >*'J 
(DRAM) iCfc^T, te#fc*P[eIft 
7 v 7 ) O^iSIEfijFtftty-^h^fiSrWL, 

m^asat* (r-^ttt) avsaw * < 

(DRAM) Kfc^T, m^tt*D[sift (-fe^X 
7 u-f) O^lRRKi:. '>4< kt 2|Sjp; 

A. * d k ic J; y . ftftnttttaftilffintftatt 

10. ttfttf #<3*Bffl£ 9 #3etttf)¥iSft£fcE 
ftH&wT, ±ffi. 2 IX£ll0ftfl<!)'>te < 
k t> l> k o 14 . m^ttfltt ( r - * Ift ) 0 « £E 
0&*&*fct4&/h{t&#;t£rk&1$!»kT 
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*¥«ft£f*l£3ft. 

1 1. ^t;^ ■ 7 > *T A - 7ftX - > * 
U (DRAM) JC *f H T . te ^ & *fl 0 ft ( *fe V 
7,7 1/7) 0&ifiggIb&fccfcTJMI^aj/J& (r 
- f » ) O » « ( 7 'J * * - B$ ) <DtlI£\Z 

fcftftftlelft. 

1 2. 4$#sa#(3*SH3Jl lJ8&«GD¥&ft&8E 

■ 14 , 7 > 7^ft&4>tS18£*t&*ttEJglJ:a 
(r-f«) <3£*1&l£k& 
/h « ff ® K * RB ft fc y . ^y^^gpcofast 
ft £ # & « ffi J* T © k & (4 . m ^ ffi % ft (x 
-*&) <&fi;*®j£ (& & v lift/J*tt£) kflD 

w ft ft a iu ft . 

13. ^-r^^y^-vV^A-7^*feX->l^ 

y (dram) t ^ r , ra ^ & *o 0 ft ( -tr v 
*7 v/) Oftft«»«fK:ffl^as3tj*(r-^ 



' » ) S: s u, m ^ & *n 0 ft <o 

ElftKfc^t, ±K,'ffl^a»«S (r-*|fc) 
CO ft, fit 14 . # ffi ffl S 7 V i/ 'x * & 6 VM4 7 - X 

fedkSr^lttk-ri^^ftftStlni^. 

is. ^-r^^y^-^v^A^^-fex-^^ 
y (dram) ic *i n r m # a *d a » (tv 

7^7 y-f) ic. U $ ^I^SODt^MO S h 7 

>'>*A*fcffli*fc:ik&ftiftk**##ffi#cD 

7 # . SB 8 28 9 IB 1 0 % 
11JH.'*12*H. ® 1 3 # , % 1 4 ft 0> i* f 

16. ^-r-t-Sy^-^v^A^^-fex-^^ 
y (dram) tcfcv^T, m#tt«i@Htcm-f 

-r5-fevx7>ykm#ai^ta (r-*») t 



k iWfitt *¥*aft£&[e)ft. 
17. ¥«#«a!3iftfc£t*T. * a 415* a® 

ft 0 h7^i/'X^ <5b$^«£E^f ©fi^i:^ 

ft # K * »J & ft: £ r k & ^^tt5^3flc 
ftfclelft. 

19. ttfta$®ttH£l8$££:tta¥3g(iE& 
ftlHlft K i> T . KU«rt>lDI18aEa>jK^b4BBaa> 

* *¥£ft#SftleIft . 

20. ^»sa*©«fira®i 7 * , mi s # , m 

E^E^© 14 £ ft 

a k -r a ¥ 3 ft & a 0 ft . 
3 . a ih a Kill & an ib 
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il®¥i>ttft{tlEl«tlcN-rft. 

ft . zo)tzti. &&*-3{£M!*£#*efitt-r* 
¥»ffc£ttl§lttttffitffi3Ufcft. »*, 

1S-7-xf>;i/A^7<i:^«)8lffffiS?^rw 7 & # 

©SBtfi&iiaLT^ft. c:ft*ca&#ffifc?&& 
nit. i&mtott^&miz ± ztitn&ftihft ( a * 

ft£fc#iJJ&I5iaS (ULSI) ft ft . - 

ouls i ©i&tAftofeAl:!*, ± fc a ® to 7 

ULSI ^ftitet)C5i:DRAM 
0 « * # /.h * n . (3)x-5HfcO*jBt18l*iai 

ft. * * u aftjkKfl: 1 * 1) c . x- 

^ ffi *a i:: K fli ft < iai©MOS-FETi:J;»J 

t ®totf&nft*&z tit u . axiitt^aFu< 
o*<ffl§ i«&i|i»K:«6irt>, id ft m s 0 

tt#©a»aLs ncisott. -t^m^-s^coT 

Pfl It . MOS-FET®t.*i»*Sttffifc*»JtUWl 
5 * ft it tf> . ® it *-3flttttf ItttA © ULSU 

c<B<te>K, ft*cDttfBKUt*r »*, mos- 

FETOjRf^tttfDRAMfelit A.fc t ft 
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^ • 7>^A • 7^tX • )itU) * ft . 

SBTifeft. fj£*, DRAMCDttSAIfcKo^T 
, x ;i/ - 7 > S x y * • x */ ^ 

u /\- J 7 << r - T - £ V =y 4 
> -fe > £/ ;/ 5f >f > r - v A " 7 

-< 4 - -< - *< - i/x^C, V'JyK. X-r 
-h -fr - * ;/ h , 7;*;i/-xxi/-i9, 
4 5 1 -4 5 4 1, 1 9 8 4 ^ (N.C.Lu and 
H.H.Chao, "Half — V D D bit-Line 
sensing scheiie in CMOS DRAM's" 
IEEE J . S olid - S tate Circuits, 
Vol.SC-19, pp.4 5 1 - 4 5 4, 1 984.) 
£Sft£&*VTnft. r (7) . /N-7VDD-/'Jf--V 

(»«l»**SBflaa 5 1 - 7 4 5 3-5 p USP 
3 5 1 4 7 6 5 |i:?att) K it * T , r - * & CD 

fe-&ti4StE¥#LcL?t'ftfcti>. (i) i*-ffif 

uls i®fiaft«xj^oTBiic«4'rftfcto 
jBT#a&nft»a*-DttjH»*fl©uLS i & 

IK T ft w V £ ^ t t> O |SQ ffl o . 

ft r t ic $> ft . 

[aa&Wft-rftfcA®*®] 

±8Ei»i*,-SH*aafta*-rft±fcftia«y 

4MOS-FET(0LSi>li/3:^Tlfecii. 
fcft^fct, a®»7ny***|jft-rftM-OS-- 
FET©y-hhV-X (KM>) BflOSEti 
L<ttK'u*>fcV-XfiO0>*ffifcft»*iU<tt 
Vfti::ttMOS-FET0>Ugt*fiB1BE&+£± 

@ft*ft<c«jEii-cKft-rftc4:tcj:ya*sn 
ft . 

[ft ffl] 
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* e> ^ ft . 

X * r v£>ft£f0)7;/^A72-feX**<J 

(RAM) , * & tt U - K * V <J - * * »J 

(ROM) , $^tti^^^aD>tra-^0<t 

nai/i/nsii^o, ^ -f n 0 m £ co 

#**&J?Jv*fc, ft*.!*, GaAsiO S 7 y 3/ x * 

ft ^Tft-e *> * p . 

G9 (a) l±*2llfefltf)[Hl&to/£-e&*. i <B 0 & 
l>|VthMOS hvy^X? ( Q 1 ' , Q2', 
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Q 3 1 , Q 4 ' ) &ffll'&%,®'C&&. r <B 0 SS 
©r-*«ftittnfllfiEfi« (1.0V) "C S& ft S 
tfe«^i;-3^t, & 1 S (a") <o £!j ft & r- 

Wit i. 7 - Kttw'o & V S S (OV) 

6 V D H (1.5V) k -r * t . # *s & a c s 

C * P1P&VDL (1.0V) HVSS 
(OV)., P1N&VSS (OV) *f,VDL 
(1.0V) tC-r^fc. t>^7>7*|g«|fflh7 
V 1/' X * Q P , QN«5#>t, -feVXT^^IgEd 
ttCSP^HVC (0.5V) ^6VDL (1.0 
V) t , C S N H V C (0.5V) £ V S S 

(ov) * . c © t s . >x 

(QT, Q 2 ' , Q3', Q 4 ' ) * ffl ^ T H * fc 
#K y-htV-X (KM>) H 4) 8 EE ft* U & 

y - h * V - X (KMV) m®t8£E0U&^ffl 



SS/±0jfi#lCft*fcit>. t>X7>^h7VJ/ 
X*tf + #*v-tff, r-*a0«^«ffift+» 
*9«l?*ft< 3 ft*. dftjafc© r - 9 IftaftftMi 

fifefcaDRAMfclHtR-C**. « 1 0 (a') I* . 

t- $ & bmnmi&i±.mft < m *. w: 1 . 5 v ) -e 

£ it £ $ £ & 7^ L T i> S . *%RJ3 

©fttt*a*)*#*i« < ft a. (b) t*. 

**«0!0>3&*&mbfct*0-C**. VDLain 

fSttfiE-C&*. IDSraaxli. 6 4 X /f t' y h 
DRAMfeJjl (Ql, Q2, Q 3 , Q 4 : W 
/L = 2Mm/0.5/im, tVX7V7' 
1600-Oflftft) • t>X7>^C0^- hi: V 
-x (h'M'v) RflcaraE&OVCUfcfcgtc, 
iT«t>X7>7 , (DKM>l:';-XRlIt; , iiaft 

V - X (Hb^>) HI © «fl£ & 0 V fc U fc i: £ 

R.M.SWANSON and J.D.M.EINDL, 



" I on - I nplanted Complementary M-O S 
Transistors in Low— Voltage Circuits", 

IEEE J .Solid — S tate Circuits, 
Vol.SC-7, No.2, pp.146-1 53, 
April 1 9 7 2lC#atSftTH*. VTOli, 
MOS h7>i/X5f©y - hfcV-X|8I®tt£ 

/ I D 0 08 & & ^ I D = A -VG S + fl 

VGS0it*4. I1B (c) <fc (d) . 
VTOt h7>i/'X^ Of >^;i/^L g0ffi^(l!) 
1 « & * . *0&fl£W0-fe>X7>^ (Ql', 
Q 2 ' , Q 3 ' , Q4') liiVthMOS h7Vi/ 
X * * H©igftttfl»VthMOSh5>i/X5f % 
tfcJfefl-feVXTV;/ (Ql, Q2, Q3, Q4) 
ItXVthMOS S5>J/X^T*6. 3 4) £ 3 ic. 
■fe>xr>yic^ + *;b&L g © £ ft h7>j/ 

X * ( L g = 0 . 5 m m ) & ffl & 0 li % L g 0 

Jnx^^ty^tior. u>x7v7"(5h7Vi; 
x a» © l ft ffllta ff *• a 6 o a . -fe > x 7 > y 0 
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&j&tfteTl-*0&B&ihT* -fe > x 

5tJt)Lg0/J^4I ( M *. I* 0 . 3 /i m ) £ $ 

**tt«©«ift^f£* i: &ft Silt, 
VDL 1.0 Vi*«)ja«fftJfeofc2:*t?fe 

* • ft x If , « 1 B (c) £ <k ( d ) n is t « 
VthMO S h 5 >i>X * (VTO = 0.5V) & 

(b) IC jR ** «fc 3 . VDL#l,2VTt>X 
Tvy*!|iftL4<45 (VT0«7-AM# 
0.6V) . **HSW«)«VthMOSh7Vi/X 
£ (VTO = 0.3V) H>^7>^IC|S^fc 
£ . VDL«5l.2VTt,tyX7>^ttW 

V - X (h'MV) S!0>ttEEO.6V£#U?. 
VTO#0.4V ( 7 - X HI ) £ & # & ^ tf> 
fe 4 . VDL>0.8Vitft 

# pi fcg t* a . z® t $ , -fe>xr>^«)Ki/-f 

>fcV-XWC8fc|l-6*aE'I DSnaxttl 0 0 
A* A (t>X7V^l 6 0 0 Oflll^) S*"C, 

-bVX7>^lcRR^-r. EUfrflOJBSlC/SCTttn 

S: & ft T- £ * . 3 Kit . * * 'J lc Bl 6 T . & S 
LS I <£fc'0fftOL S I tfcutt ( ftf A. If . 

x y - h <e if ) , J:yft^tffit»ftt5Ls i 

& Btt-c £ ft . 



® 3 


® it 


. *ISqi!0jg2£<):tfg3®2gtttt-e 


& ft . 


m 3 


B (a) \tm 2 ®^»^00«ffifiSt 


& £ . 


z\ (7) 


0&i±ft#<B-fe>X7>^SBS!iJ?!h7 


> o x 


* * 




Q P 2 


, Q 


Nl, QN2) . t>X7^eM 


C S P 


. C 


SNK^-XhgfiCBP, CBNJ 


{*» U 


X l> 


ft. t>A7>y&«fiSlt5Pf 


;i/ m o 


S h 


7>S/X*Q3, Q 4 , 0 £ JR ft ti£ If 


■te v x 


7 V 




-5 . c 


0®&<BS&ft$:$B 3 m (b) (Olft^iS^-e 


5ft mt 




■7-KttW0Qtt£fcVSS (OV) 


* & V 


D H 


(1.5V) i:tst, # ft & fi c s 


ic» *. 


feftfetifffitfr-^ttDicSlffiSftft. & 


n . P 


1 P 


4VSS (OV) A»6VDH (1.5 
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'J K 32 ft v> 


. 85 




laj \ C ^ to * IT \ Q ) \<- y 


3 ft & VthM 0 


s 


k t V V' I 4 If ■!» V 7 7 V*/ 
n / ✓ ^ A 7 r*» « t» ««' ./V. J *S S 


& & v X 2 


U . 




*£■ *s vt "k -ft t ^ -r A > I- > _ 


Ttt* . * 


> X 


/ 


V W -W, T' i. k ~* j *j 1 At fJ\ 




y - 






^ ^ 'J 7 U 


- & 


is 


l ' i fft j(w /T\ 1 Ul -+t ftj* /T\ 


fel U * A. H 


h 7 




« ? f h \ 1 — Aft T T a. 1 W /"V O 1 — , > , 


J/ X £ & FB 


t\ ft 




ckw*oX» t y a 7 ^7©i& 




[3$ 




All ffl. ^ 4H. X * L> -At til A T /rt. 


VthMO S 


h "5 


is 


1^X5 O t\ « v T Y y $/ 


3 > §2 M 


0 S 






© & * & ft 


ft £ 


£ 


A't?ti. :^)^. -fe>X7 




L ft 




yy^-y-^itictt. ir > x 7 




Y * 




MOS 


ii< IT 


( P 






4R ® fit (4 & 


< L 


X 


) . r - 5 » n ic « » * ; x n ft 




£ . 




O <fc ^ ic. ^Uttftf K J: ft If . 



V) , P1NHDL (1.0V) jfti 6 V D B 
(-0.5V) ICtit. iryX7VygEf)fflh 

T'aaaicsp^Hvc (o.sv) a^vdl 

(1,0V) tC, CSN^HVC (0,5V) 

vss (OV) c^{bi-£. pb Pi 

VSS (0V) A» 6 V D L (1,0V) ic. 
PBN4VDL (1.0V) frftVSS (0V) 
icr^i:, •fe>X7>yiBSt)^lfr-xh$ft. 
CSP^VDL (1.0V) frfiVDH (1.5V) 
SfltC. CSNJ55VSS (0V) fr^VDB 
(-0,5V) n&lZ&it* Z . Z0)t2. 
P1PHDH (1.5V) rt»P>VSS (0V) , 
P1NHDB (-0.5V) A^VDL (1.0 
V) HtSCUiy. tVX7>7*»IHitft 
A«ftfc«*#. -feVX7V^«ftfflS5Vi^X 

^ftiatTiRia-rftcii^ft^. ; m: <t ^ t , 

•b>X7>yfe*(|jft1"*h9>i^x> (Ql, 
Q2, Q3, Q 4 ) ^V-hty-X (KKV) 
!8l«0taffHDL/2 + O.5Vgietc-C$if: 
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tb. -b > X7 > -f tfiftft * > u , r - * & D , D 
hdl (i.ov) , vss (ov) tctf^-e 

£ ft . *>X7>7Sg#)&CD:/-Xh&lC, 
P2P4VSS (OV) )5'f»VDH (1.5V) , 
P2NHDL (l.OV) *6VDB (-0.5 
V) tl, i? >X7 >:/ggf&ffl h7 VS/X* 
Q P 2 , QN2H>^t, tVX7>y«J| 

* » «> M fls tt . fife^tPia-e*^. $8 3® (b) 

XhlfiCBP, CBNU50pFSKtfn 

fi * ) . ^«^«)fllffiiaW:^3@ (b) Ott? 

CSNfB©*ffiftl«A^T-*l|-D!:D|IO«DttffilH 
tt £ tj * & tttitf J; V . VDHCO&Eti, VDL 
^]Ebt%4iitTt 4 ftftttK LTJ8 
£ 3 e r J; • CS PO*, S 4 l> ft C S N CD 
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avf^CBPtaiJ, VDL^-XhLT 

X * Q P 1 , QP20)£$gfB{£l*, VDLtf5]ia 
& let ft. -tr >xr v^gifi&ffl h7Vi/Aji 
Q P i , QP2, QN1, QN2ttP***;b 

i:>xr>yggSt)lfttDfll&^CS PlfHVCU* 
6VDL, CSNiTHVCfr^VSSlCiintf 
J: n . -fe>X7>ygI«)«S:y-XSl-ai:&lc 
* h v > *J X 9 0) & ft « & JIS 7 X ic 6 

jt-Cfcft. iz>X7;/:/Q 3 , Q4(D&ftfg&S: 

■bvx7>^ggfi«c s p t^faffitc-rs^^-fev 

X 7 V ^ Q 1 , Q2©S^^fe^-fe>^7>yiSg 
«ll|CSNi:ra«fifr«Ci:lCj:U, & 45 #J & 
fc.<fc ft L $ i^MBiE © _fc# & gfrit -e * ft fc. * , iz 
>^7>y©!d^|$^t:i$#T^5. t>x7 



1 1 9 9 5 8 lCB^ffiStir^a. t>A7>y 
(Ql. Q2, Q3, Q4) t . & 1 4) IS & CO 
ftV t hMOS h^Vi/Xiilffli^CfclcJ:*), 
&&Kfif8£'?ttff£-&*3fctf-c£*. c GO <fc 

i**ttilt:*b<««;^3i:)6:<ft^-r5>^ij 
0&S:&{K-e£ft. * fc * tr:/X7>7lcBH£'f* 

**"3fiiB»**©LSI«raWe#ft. 5 £ tc li , 
* * y IB 6 T . S»«LSIftifB»«DLSIl: 

T £ ft . 

9130(c), (d)li«3®£ftti®*£& 
«tt^4. !B 3 @ (c) -eii??7rtic£tt£ 
*4B*LVDH, LVDL, LVDBL&ffitf, 
^ftflEVDH, VDL, VDBL&&££-frTl> 
5. ^SlEVDH, VDL, VDBLfcitf 
VDBH ( = VSS) liMyfSPl, S P 2 , 
SN2, * >X7 > 7 SgS&& 



csp, csNtamt 


ft . # * 


0 S R ffi 1* 




VDH2VDL>VDP 


< 7 y * 


* - v a £ ) 


> 


VDBLiJVDBH ( = 




VSS) ^ 




V B B (gfcfcE) -e* 


ft . -3 0 


B*®'ft#tt 






X - * & 


D , Dfl)8ff 


ft 


*tf -fe vx7>yg6K)j» 


csp, 








1C "f ft . 


& t . x >r y 




SP1, 


, -fe V X 


7 >yfig©« 




CSPiVDH, CSN 


& V D B 


H (VSS) 




T ft . atiot, -fe 


> X 7 > 


+ ft 


h 


5:/i>X*coy-h4:7 


- X ( K 


u >r > ) n <o 


fit 


£*VDP<fc »)*£<? 


£ ft tf> 


. "fe V X 7 > 






D , D.ft 


VDL, V D 


B 


Lsat*®4s-c# * 


ic , x >r 


v * S P 1 , 




SN1HH, S P 2 


, S N 2 


&*>-Tft . 




*WC <fc o T . "fe > X 7 V 




CSPtfVD 


L . 


CSNtfVDBLtfty 


, r - * 


tft D » D 1 




VDL, V D B L tCEI^-C $ ft . 


X >T y f- S P 


1 , 


SNlHn. SP2 


, S N 2 


& * >T ft * 


>r 


s v ^ i* , x - d , 


D#VD 


L , V D B L 


8 
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Z tl VL & i X . 7- t> 

K Z Z t kffiikl? £ * . V DH , VDL^ffit^ 
ftttaftflEVCCOHttl*. *'0J:3*Bfl0i-efc 
i^. ( 0! . VDH = VCCrt>VDL = 
VCCtU^, ) VDH<0 8£ti, VDLt# 
JBE L T $ It T *> * &tgflS£VBBtt 
VDBHJiy** <4<Tt.J:P. ( 05 A. I* . 
VDBH ( = VSS) = VBB7?tJ:^. ) 
t/EVB Bit. **'j7U-&i:-fe>A7>7g&, 

;H8ii&ffl^ ft If £tK03ffi$x;|/ 

& it ic o r ti . # 59 eg 6 2 - 1 1 g g 5 8 c i» 
S25ftn*a. 3 0><fc 3 tc.. *£ffc$!k:<fcfttf % 
£ y te^a^as r . l < iifc -5 

$p»t(±. >^utpfi.e»r, sis 
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ET»fttUS i £ ? £ * . 

( d ) Tttf y ^rti:4«ff*40» 
LVDH, LVDL, LVDBH&ffitt. ft fit ffi 
VDH, VDL, VDBHJMHt^S. Z 
SffVDH, VDL, VDBHJSit/VDBL 
( = VSS) li X >f yfSPl,'SP2, S N 1 , 

SN2^L, *>x7vt-&1&*&csp, 

CSNfc&Jfc-r*. #*©*ffil»i»tt.VDHa 
VDL>VDP ( 7 U * * - i/* * ff ) > V D B L 
V D B H ( = &i&fc£VSS) £ V B B ( & & 

* . x - * & D , D(0«HiSJ:t;t>x7 

v^SESdtacsp, csNCDttffii^ijf t-j; 

*ffiVDPICti. & K . XY y * S P 1 , 
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